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old topic in the new field: a meta-analysis
on the effects of PBL teaching method
in Chinese standardized residency training

Tingting Li, Weidong Wang, Zhijie Li, Hongmiao Wang and Xiaodan Liu"

Abstract

Background: Standardized residency training (SRT) is crucial for graduate medical education and the training of
high-quality doctors. Nevertheless, China started SRT nationwide only in the recent decade. During these years,
researchers have been searching for suitable teaching methods to improve the abilities of residents. Although the
problem-based learning (PBL) teaching mode has been applied in undergraduate teaching for many years, the teach-
ing effect of PBL has not been unified in Chinese SRT according to the core competences of the residents.

Methods: Studies that compared the teaching effect of PBL and lecture-based learning (LBL) on SRT in China from
January 2010 to April 2020 in the Chinese databases, such as China National Knowledge Infrastructure (CNKI), Wan-
Fang, WeiPu, Chinese BioMedical Literature (CBM), and English-language online databases, such as PubMed, Embase,
and Cochrane Library were systematically reviewed. Data were analyzed using the Stata version 12.0 software.

Results: A total of 75 articles (76 studies) were included in this meta-analysis. Compared with LBL group, PBL-based
methods are more effective in the mastery of medical theory knowledge (WMD =7.14, 95% Cl: 5.93-8.34), operational
skills (WMD =6.54, 95% Cl: 4.55-8.53), analysis and diagnosis of cases (WMD =8.52, 95% Cl: 7.50-9.53), and overall
capacity (WMD =8.70, 95% Cl: 6.87-10.53), but showed no advantage on operational skills in diagnostic imaging
(WMD =1.30, 95% Cl: -0.11-2.71). The questionnaire surveys analyzed in this meta-analysis indicated the positive
effects of PBL on the mastery of theoretical knowledge, clinical diagnostic thinking, teamwaork ability, ability to analyze
and solve problems, ability to consult documents, learning interest and learning efficiency, but that there were no
advantages in improving self-directed learning ability, communication ability and hands-on ability. The questionnaire
result analyzed in this meta-analysis also showed the residents’ satisfaction with PBL-based strategies.

Conclusions: Taken together, the current meta-analysis provides a systematic and comprehensive analysis on PBL
teaching mode in Chinese SRT and outlines a path for further research on the detailed design of suitable teaching
methods for different specialties and abilities.
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Introduction

Standardized residency training (SRT) occupies a
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qualified clinicians for improving the overall medical
level. However, the unified nationwide reform of medi-
cal education about SRT in mainland China did not
begin until 2013, termed as 5+ 3 model, encompass-
ing 5 years of undergraduate medical studies (lead-
ing to a Bachelor degree) and 3 years of SRT in one of
the 36 specialties [1, 2]. Compared to the developed
countries, wherein the SRT has been gradually matur-
ing after a hundred years, this program is still in its
infancy [3, 4].

With increasing focus on cultivation of competen-
cies which is the critical problem of SRT, selecting a
suitable type of teaching method is needed urgently [5,
6]. Problem-based learning (PBL), of which the train-
ing objectives are consistent with those of resident
trainees, has been carried out in some residency train-
ing bases in recent years [7, 8]. However, whether PBL
is better than lecture-based learning (LBL) which is
the primary teaching method in the Chinese medical
education system, there still is no uniform conclusion
[9].

A common limitation of previous studies on this topic
is that they all include the research before the nation-
wide reform of SRT [10, 11]. Before performing SRT,
majority of the medical students have been directly
engaged in clinical work in hospitals at different lev-
els, and it has a severe impact on the homogenization
training of the residents without unified standards.
The SRT with guidelines for each specialty rotation
about required time, purpose, requirements and assess-
ments, would ensure that medical school graduates
receive standardized and institutionalized training in
the certified training institutions [12]. Therefore, it is of
great importance to analyze the effects of PBL vs. LBL
teaching method under the unified background of SRT
reform.

Herein, we present a meta-analysis for the first time
which only includes the studies performed under the
nationwide reform of SRT. In addition, this meta-anal-
ysis includes the mastery of medical theory knowledge,
operational skills, and analysis and diagnosis of the
cases, while subgroup analyses based on the teaching
methods and department types were also carried out.
Moreover, questionnaire surveys (QS) about theoreti-
cal knowledge mastery, clinical diagnostic thinking,
teamwork ability, ability to analyze and solve problems,
communication ability, learning interest, self-directed
learning ability, hands-on ability, ability to consult
documents, learning efficiency, and satisfaction with
teaching were systematically analyzed. Together, this
accurate and comprehensive analysis would provide
a scientific basis for the selection and application of
teaching methods in Chinese SRT in the future.
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Methods

Literature search

We searched China National Knowledge Infrastructure
(CNKI), WanFang (Chinese database), WeiPu (Chinese
database), Chinese BioMedical Literature (CBM), and
English-language online databases, such as PubMed,
Embase, and Cochrane Library. The following terms
or keywords were used: “problem-based learning” OR
“PBL”) AND (“case-based learning” OR “CBL”) AND
(“standardized residency training” OR “standardized
training” OR “SRT” OR “resident” OR “5+3 model”
Next, the references of the review articles were scanned
for additional eligible reports. The search was restricted
from January 2010 to April 2020; no language restrictions
were imposed.

Inclusion criteria

The studies were included according to the following four
criteria: (a) Target population: residents in SRT in China;
(b) Study design: randomized controlled trials; (c) Inter-
ventions: PBL or PBL+ CBL served as the experimental
group and LBL comprised the control group; (d) Out-
come measurements (at least one of these): knowledge
scores (KS), were used to assess how well the residents
mastered the related theoretical knowledge; skill scores
(SS), which were used to assess the operational skills,
such as urethral catheterization in Urology and endotra-
cheal intubation in Anesthesiology; practical skills (PS)
assessments, including medical history collection, physi-
cal examination, making diagnosis and treatment plan,
were used to assess the ability of solving practical clini-
cal problems; total scores (TS), which included knowl-
edge scores, skill scores and practical skills scores, were
used to assess the overall abilities; QS, which were self-
reported questionnaire surveys, were used to assess the
residents’ recognition of the relevant aspects of the dif-
ferent teaching methods. The results of SS, PS and TS
were presented as scores out of 100 and for QS, in which
each item was assessed by a yes or no, the results were
presented as percentages.

Exclusion criteria

The exclusion criteria were as follows: (a) Comprising
of subjects other than residents; (b) The studies were
non-randomized and non-controlled; (c) Utilized inter-
ventions other than PBL or PBL+ CBL; (d) The control
group was not LBL or combined with other methods; (e)
No comparison of baseline indicators between the two
groups; (f) Studies with partial data duplication.

Data extraction
Data were independently extracted by two reviewers.
Any disagreements about the eligibility were resolved
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by consensus. The following information was extracted
for each included study: (a) the first author, (b) the year
of publication, (c) the study type, (d) the sample size
(intervention and control groups), (e) the specialty of the
residents, (f) characteristics of the residents, (g) charac-
teristics of the tutors, (h) the intervention methods, (i)
year of residency training, (j) the duration of interven-
tion, and (k) the outcome measures.

Quality assessment

The quality of each included study was assessed using the
risk of bias table according to the Cochrane Collabora-
tion by two reviewers independently [13]. Any disagree-
ment was resolved by discussion to achieve a consensus.
The following quality items were checked: (a) random
sequence generation, (b) allocation concealment, (c)
blinding of participants and personnel, (d) blinding of
outcome assessment, (e) incomplete outcome data, (f)
selective reporting, and (g) other sources of bias.

Statistical analysis

Data were analyzed using the Stata version 12.0 software.
The effect sizes on scores were presented by weighted
mean difference (WMD) and 95% confidence intervals
(CIs), and those on questionnaires were presented by
odds ratios (ORs) and 95% CIs. The chi-squared test-
based Q-statistic and I statistic was used to estimate the
heterogeneity (I* < 25%, low heterogeneity; 25% < I? < 50%,
moderate heterogeneity; 1>>50%, and high heteroge-
neity) [14]. A fixed-effects model was used to pool the
results when heterogeneity was <50%, while a random-
effects model was applied when heterogeneity was>50%
[15, 16]. Sensitive analysis was performed to investigate
the influence of a single study on the overall pooled esti-
mate by sequential deletion of each study. Subgroup
analysis according to teaching methods and departments
was conducted. The publication bias was evaluated by the
Begg’s and Egger’s test [17, 18]. P<0.05 indicated statisti-
cally significant publication bias.

Results

Search results

The flow diagram of the search strategy is illustrated in
Fig. 1. A total of 1438 potentially relevant articles was
identified, of which 347 duplicates were removed. At
the screening stage, 813 articles were excluded after
reading the titles and abstracts, among which 667
were not relevant to the topic, and 146 were reviews.
According to the inclusion and exclusion criteria, 278
full-text articles were assessed for eligibility. Among
these, 16 studies were non-randomized controlled tri-
als, 55 did not include a control group, 23 did not use
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LBL in control group, 11 used other teaching methods
in addition to LBL in the control group, 16 used other
teaching methods in addition to the PBL or PBL + CBL
in the intervention group, 34 did not compare the base-
line indicators between the two groups, 4 had dupli-
cate data, and 44 did not provide the required data.
One article included two groups based on graduate and
non-graduate students, so counted into two studies.
Thus, a total of 75 articles (76 studies) were included in
this meta-analysis [19-93] (Additional file 1: Table A1).

Study characteristics

The characteristics of these 76 included studies, pub-
lished in Chinese between 2010 and 2019, are listed in
Table 1. The sample size of these studies was 10—108 resi-
dents in the intervention group and 12-107 in the control
group, and the pooled sample size was 4597 (intervention
group =2323, control group=2274). The included stud-
ies covered 26 specialties (23 Internal Medicine, 8 Neu-
rology, 3 Emergency Medicine, 4 Pediatrics, 16 Surgery, 4
Anesthesiology, 3 Obstetrics and Gynecology, 3 Ophthal-
mology, 2 Dentistry, 4 Medical Sonography, 1 Psychia-
try, 2 Radiation Oncology, 2 Radiology, and 1 Traditional
Chinese Medicine). All the studies described the baseline
information about residents and tutors in both groups.
For residents, 68 studies were matched for age, 67 were
matched for sex, 44 were matched for educational back-
ground (EB), 29 were matched for department entrance
exam scores (DS), 3 were matched for clinical working
hours, 1 was matched for PBL experience, 1 was matched
for the duration of intervention, and 1 was matched for
the year of residency training. For tutors, 30 studies were
matched for professional titles (PT), 14 were matched
for teaching experience (TE), 4 were matched for educa-
tional background (EB), 9 described that the tutors were
the same in both groups, 5 described that tutors in both
groups received PBL teaching training, and 6 described
that tutors in both groups performed collective lesson
preparation (CLP). In 47 studies, PBL was performed in
the intervention groups, and in 29 studies, PBL 4 CBL
was conducted in the intervention groups. The residents
were in the first or second year of residency training, as
mentioned in 7 studies, while 18 studies described the
duration of intervention, 3 weeks—8 months.

There were 40, 22, 27 and 27 studies in KS, SS, PS
and TS respectively. QS were used as the outcomes to
evaluate several abilities among the theoretical knowl-
edge mastery, clinical diagnostic thinking, teamwork
ability, ability to analyze and solve problems, commu-
nication ability, learning interest, self-directed learning
ability, hands-on ability, ability to consult documents,
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Records excluded:
Not relevant (n=667)

Records excluded:
Reviews (n=146)

Full-text articles excluded (n=159):

o Not randomized controlled trial design (n=16)

« No control group (n=55)

« Not using LBL in control group (n=23)

« Using other teaching methods besides LBL in
control group (n=11)

o Using other teaching methods besides PBL or
PBL+CBL in intervention group (n=16)

« No comparison of baseline indicators between
the two groups (n=34)

« Duplicate data (n=4)

Full-text articles excluded:

Not providing required data information (n=44)

Fig. 1 Schematic of the search strategy
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learning efficiency, and satisfaction with teaching in 37
studies.

Study quality

All the included studies were assessed for the risk of
bias (Fig. 2). The studies were designed as randomized
controlled trials, and the results were reported ade-
quately. All studies were free of selective reporting and
other biases. The allocation concealment and blinding
were not stated in these studies.

Effects of interventions (PBL and PBL + CBL) on KS

A total of 40 publications involving 2190 residents
(intervention group=1111 and LBL group=1079)
reported KS. Because a high heterogeneity was
observed across these studies (I2=95.6%, P<0.0001),
the random-effects model was used. The pooled effect
size showed a significant difference in KS (WMD =7.14,
95% CI: 5.93-8.34, P<0.0001) in favor of the interven-
tion group compared to the LBL group (Fig. 3).

Effects of interventions (PBL and PBL 4 CBL) on SS

A total of 22 publications involving 1096 residents
(intervention group =547, LBL group =549) reported
SS. Because a high heterogeneity was observed across
these studies (12=96.2%, P<0.0001), the random-
effects model was used. The pooled effect size showed a
significant difference in skill scores (WMD = 6.54, 95%
CI: 4.55-8.53, P<0.0001) in favor of the intervention
group compared to the LBL group (Fig. 4).

Effects of interventions (PBL and PBL 4 CBL) on PS
assessments

A total of 27 publications involving 1568 residents (inter-
vention group =787, LBL group =781) reported PS assess-
ments. Because a high heterogeneity was observed across
all these studies (I>=89.8%, P<0.00001), the random-
effects model was used. The pooled effect size showed a
significant difference in PS assessments (WMD=28.52,
95% CI: 7.50-9.53, P<0.0001) in favor of the intervention
group compared to the LBL group (Fig. 5).



Page 5 of 20

(2022) 22:221

Li et al. BMC Medical Education

(32163 [9€1a(s102)
SO SL Paquosap JON PaquOsap JON 1ad d1D1d  Jojpydeg) g3'sa ABojoinaN rL/01¥T 104 sL0z e19 [ busyd
(s3uspns [9g]e(5100)
SO SL PaquIsaP JON PaquIsap JON 1ad d1D'ld  9renpein)g3’'sa ABojoinaN (T1/91)8¢2 104 sL0z e1s [ busyd
Buiuren Buiyoesy [G€1(8L02)
Sd'SS "SH syuow Xis PaqLIsaP JON 19d  19d pandRaY Id RERCINEIoN ABojoinaN (T€/£9)59 109 8L07 L bBuerr puedriys
[r€]
SO SL syauow daiy | PaquIsaP 10N 1ad Id  SQ'g3'xes ‘9by AbojoinaN (ve/vo)sy 104 6107  (6107) XA Bueny
SL'Sd ‘S syauow daiy | paquosap J0N 1ad paqLosap 10N 5Q x5 ‘9by ABojoinaN (SL/L1)TE 124 5107 [€€1(5102) A Buem
[eg]
SO ‘SL paqLosap 10N paquosap J0N 1ad d1D'1d sa ABojoinaN (L1/81)s¢€ 124 Z10Z (z107) 12357 NI
SUDIPSA [Le](£100)
Sd 'Sy syauow om| paqLosap 10N 1ad EINE| ERCINEI aled [ed1lD (T /Th)r8 104 /10T e 32 Ar Buix

SUDIPAN
Sd 'SS ‘SH paqLosap 10N paqLosap 10N 1ad paqLasap 10N xa6 2By 1D (oD (S2/62)%S 104 6107 [0€] (6107) A orYZ
(syuspnis aien [67]
SO'SL paqLasap 10N paqLosap 10N 1ad PaqguUIseP JI0N  -pein) g3 'xas ‘9by  asessig snoldjul (£01/801)S1T 104 8107 (8107) B33 SS 3IX
[87] (£100)
SO ‘SL'Sd ‘SS ‘SH paqLasap 10N paqLasap 10N 1ad IL'ld g3 'xe5 '8by  aseasidg snonddju| (lz/10ey 104 £10Z 1813 AA Buem
/7] (6100)
SL paqL2sap 10N paqLasap 10N 19d Joiny swes ay | SeRENElY Abojoreussey (0z/00)0% 104 610 e13 11 buep
(071 (8107)
S paqLasap 10N paqL2sap 10N 19d paqLasap 10N ERCN Abojoiydan (re/vosy 104 810z ‘[e19 Dg buey)
[sd]
SO 'Sd ‘SH paqL2sap 10N paqL2sap 10N 19d P3qLIS3P 10N x9S 9by  Abojoisiusonsen (th/T)¥8 104 6107 (6107) e 32 H noH
vl (£102)
SO ‘Sd "M paqL2sap 10N paqL2sap 10N 19d 31'1d 3G '9by  ABojossrusonsen (59/89)¢¢€1 104 /10¢ 10312 WA oM
[ed]
(6107) WX buepm
SO ‘Sd 'SS "SH syauow daiy | paqLasap 10N 14d PaquIsap JON 5% 9by  ABojolsiusonsen (Se/5€)0L 109 6L0C  pueelqy eulno

471D ‘buiuien
Buiyoes: 1a4d [cal
SO ‘SL SyIuow a1y | paqL2sap 10N 19d  panepday‘il'ld S 'xe5 ‘9by  ABojoisrus0IseD) (82/80)95 109 /102 (£107) e rnn
(22169 Jo2 [17] (6102)
SO 'Sd "SH syuow om|. paquosap 10N 14d 3L -Yoeg) g3 xS 'aby ABojoipied (52/52)0S 124 610z le32 DM 0ED
(02 (£102)
SL paquosap 10N paquosap 10N 1ad paquosap 10N X3S 9By auDIPa (UL (LE/L9)L 104 /102 le32 N Buem
61]
S paquosap J0N paquosap 10N 19d  sloniawesayl Qg3 xdS'9by  SUDIP3 [eusRlu| (€T/€09v 104 6102 (6L07) €W
Bujuiesy

sainseaw UOIUaAIRIUI Aouapisai jo 10} 10j paydiew sjuapisal

awodIno jo uoneing 1eak YdIY\\ SUORUBAIRIU|  paydlew sioin] sjuapisay jo fyepads (/))azis ajdwes adAy Apnis Jesp aiApms

S3IPN1S PIPN|DUl Y3 JO SDIISLdIDRIRYD | djqeL



Page 6 of 20

(2022) 22:221

Li et al. BMC Medical Education

(€Sl
NORSY paquds9p 10N PoqlSS9p 10N 19d Paglids9p 10N X3S 2By SORUOPOYHO (82/59)€8 104 810 (8107 [B1®XD NI
[¢s]
Sd'SH P3q)1253p 10N PaqLSap 10N 19d PpagLdsap 10N %35 '9by  ABojowjeyiydo ((aVidbizd 1D4 8log (8100) Ir usyd
(LSl (/100
SL PogLOS3p 10N PogLOS3p 10N 144 PogLOS3P 10N Sa'xes9by  Abojoweyiydo (0z/00)07 1D £10T  7IX UeApue [ uey
£B0j023UAD [05](8100) S1
SO 'SS ‘M paqussap 10N p=2q1ossp 10N 19d 3193 Ld 5@ x5 ‘9by pue $51191sq0 OL/81)r¢ 124 8L0z ono pue ] busyz
l6v] (£100)
SL PagLdsap 10N paqudsap 10N 78d  slowniswies ay SQ'xes'aby  Abojoisayisauy (te/eew9 DY /10T 1219 DM UIX
[8v]
SS 'Y Paqlidsep 10N paqldse9p 10N 19d P=glids9p 10N SeRERESEl Abojoisayisauy we/vo)sy 1D4 /10T (£102) 232 [ bBuelr
[£¥]
SS 'SH P=gli5se9p 10N P=q1i5s9p 10N 14d P=glidse9p 10N X6 '9by ABojoisayisauy (CIVEIN4S 1D4 610  (6L00) 1R YZN
[ov] (7100)
SS "SH P=glidse9p 10N pP=qi5se9p 10N 14d sJojny swies oy | 5Q ‘%3S '9by ABojoisayisauy (L/21)9T 1D #10Z  Hbueirpue Aun
[S¥] (7100)
SL Paqliosep 10N P=glidsep 10N 19d 1d e ERENEY A1zbinsoinaN (0£/0€)09 104 ¥10¢ ‘e 4 hoyz
44
S Paqliosep 10N P=glidsep 10N 14d Paglidsep JON x36 'sby so1padoyiio (0%7/0%)08 104 8l0C  (8L0T) (eI ABN
[ev] (6100)
SRS PaqlIosep 10N Paglidsep 10N 14d Poqglos9P 10N g3 xS 'aby Abojoin (0z/00)0% 104 610¢ e 3271 bueyz
[ev] (8100)
SO 'SL PoqlIosop 10N Paglidsep 10N 14d P=qglos9p 10N RERCINEIOY Abojoin (0£/0€)09 104 810¢ ‘e 19 gA uens
puiulen
Bulyoeal 194
pansday ‘31 '1d A19bing (7]
Sd 'SS ‘S SYIUOW OM]  SIUSPIS3I JBaK-1S114 794 ‘sioanyawes ayl 93’95 80y [eunsaiu0nseD (6£/1%)08 1D4 8107  (8L07) 10121539
AK19bing [o¥]
Sd 'SS S SYIUOW OM| Pagldsep JON 14d 31'1d X3S 2By [eulisa1ulonses) (S2/S0)0S 1D4 8107  (8L07) XX bueny
Bujuien ooualiadxe 1g9d
Buiyoeal 1gd  ON ‘(s3uspnis 21en l6€] (8100)
Sd 'SS "SH SYuow Ino4 P=qglos9p 10N 14d PaASIPRY ‘I1'Ld  -PeID) g3 XS '9by ISEIIINIENED) (9¢/5€) 1L 104 810¢ ‘e 39 0D bueyr
[8€]
Sd 'SS "SH syiuow 14613 P=qlos9p 10N 19d 1d HERCINEIO SolieIpad (6€/€¥)C8 1D4 910 (9107) [e1@ 4 ur]
QUPIP3 [£€] (9100
SO 'SS ‘S P=q5s9p 10N P=qHos9P 10N 19d 31'93'Ld NeKERENE Aousbiawy (0£/0£)09 104 910¢ ‘e 18 xr buenyy
Bujuiesy
sainseaw uonuUaAIRUI Aouapisai jo 1oy 1o} paydrew Ssjuspisal
awodIno Jo uoneing Jeak YdIyp\\ SUONUDAIDU|  paydlew sioin] SUETJECH] jo fyenads  (D/))azis ajdwes adAy Apnis Jesp aiApms

(panunuod) L ajqey



Page 7 of 20

(2022) 22:221

Li et al. BMC Medical Education

(69]
SO 'sL SYuow Ino4 paqu3s9P 10N 78> +74d 1d $Q°'g3 xas by Abojoisiusoisen e/ vO8y 104 8l0C  (8L07) eI Ul
UonUSAIRIUI JO [89]
SO 'Sd "SH PaqUISaP 10N - SIuSpIsal Jeah-sily 19D +14d paqudsap 10N uoneing xas ‘9by - Abojossusonsen (0z/00)0v 104 810C (8107) 1819 X YS
[£9]
SO'sL P3QUISIP JON  SIUDPISAI Jeak-1sily 19>+19d P3q11253p 10N %35 ‘aby ABojoipied (ev/ov)es 1D £10C (£107) 232 N4 Ul
[99] (£100)
SL paqlssap 10N paq>sap 10N 19D +14d paqussap 10N X3S ‘9by Abojoipied (LE/1€)29 104 /10T ‘le12 H buerr
[S9] (6100)
SO ‘Sd paqlissap 10N p2qssp 10N 19>+714d paqudsep 10N g3 x5 '9by Abojoipsed (Sv/9%)L6 124 6107  4elr pue Ax buex
[¥9] (6100)
SO paqussep 10N paqlissap 10N 79d paqudsep 10N g3 'xa6 '9by Abojoipey (L¥/L7)¥6 104 610¢ le12 7 Buem
[€9] (6100)
SO p=qlissep 10N paqussep 10N 79d paqudsep 10N x35'9by  ABojoweyiydo (0£/0€)09 1D4 6L0C X bueyz pue A ep
(22163( 102 [¢9] (S100)
SO PaqUIS3P 0N SIUSPISaI JedA-sily 19d d1D -yoeg) g3 ‘X3S ‘9by ABojoin (09/09)0¢L 104 §l0¢ 839 X[ UsayD
SQ ‘(susp
-N1s 91enpelo) (191 (£102)
SO SYIOW dUQ  SIUBPISAI JBDA-3sil 19d dm g3'xe5'aby  Asebung ddeioy) (9%/9¥)26 124 /102 e rbueyz
[09]
SO pagHos9p 10N Poqldsep 10N 149d 31'1d 5@ x5 'aby SoleIpad (05/09)001L 124 /10T (£100) e IX A
[65] (8107)
SO pPagHos9p 10N Poql3sep 10N 19d 1d g3 'xeG 90y 2sess|g snodyu| (0v/07)08 104 810¢ e 32 A Buem
Bululesy buiyoeay
19d panaiday [89]
SO PaqUOsOP 10N paqudsep 10N 1dd 31'93'Ld Sd  SUDIPIN [euILIu| (89/5/)¢evL 104 vloZ  (FlLOD) (eI AN
Aydes [£51 (SL0T) WO
Sd ‘SH PaqUOsOP 10N pPaqu3soP 10N 1dd Bl RERCINEIeN -Bouos [edipapy (rL/v1)8C 1DY Sloz  ueq pue 4 buog
Sa ‘(susp
1d -n1s 1enpelo) Aydes [95]
SO'SL paqu3s9p 10N paqu3sep 10N 79d  'sioinlswes oyl 43 xS 2by -bouos |edipapy (0v7/0%)08 1D4 910C  (9107) [e 39 X uedq
SjuspIsal puluren
1e9A-puU0d3s ASUDpISI JO SIBIA Aydeu [5s1(5102)
SS 'S paqHdsep 10N ePLEISHIE! 14d paqussap 10N ‘g3 %96 '9by -bouos edipay (ST/S0)0S 104 S10T 1833 D buex
syuspisal
1e9A-puU0D3S Aydes Ss] (6102)
SO 'SS ‘S Syuow a1y 10 Jeah-asily 14d paqu3sep 10N RERCINEIo -bouos edipaiy (€T/€0)9v 104 610¢ 19 gH usyd
Bujuiesy
sainseaw uOIIUdAIBIUL fouapisai jo 104 10§ paydiew sjuapisai
awodIno Jo uoneing Jeak YdIyp\\ SUONUDAIDU|  paydlew sioin] SUETJECH] jo fyenads  (D/))azis ajdwes adAy Apnis Jesp aiApms

(panunuod) L ajqey



Page 8 of 20

(2022) 22:221

Li et al. BMC Medical Education

[£81(6100)

SO 'Sd "SH p=qgos9p 10N paqu3sop 10N 19> +74d 1d SeRENEl Abojoipey (Le/1€)29 104 610C ‘e384 buerr
AKD0|023UAD
SL p=qgos9p 10N Paqu3s9p 10N 78D +74d 1d SQ ‘oby pue sd1191sg0 (0z/00)0% 104 810T [98] (BLOO)H I
£B0j023UAD (s8] (6100)
SL paqu3sop 10N p=glos9p 10N 78> +74d paqussap 10N ERCINEI pue s51191sq0 e/ vO8y 104 610C le18 7 0eYZ
[v8]
SS ' pagudsap 10N pagudsap 10N 18D +74d pagudsap 10N 3 'xa5 'aby A13binsoinaN (0z/00)07 DY £10z  (£107)1e1® 7 NX
A1bing (€8] (£107)
SO 'Sd 'SS "M paqu>sap 10N paqussep 10N 19D +14d paqussap 10N 53 ‘g3 ‘9by dpeioylolpled OL/91)ee 104 /10T le19 71 bueyz
K1abing
Sd 'SS "M paqussap 10N paqussep 10N 19D>+714d paqussap 10N g3 X6 oby JPeioylolpled (0z/00)07 104 610C [28](6107) D NH
syyuowl KbBojoiusoiisen [18] (8107)
Sd‘SS'SM 9AY 01In04 PagLdsap 10N 18D +74d 1d Sa'9by  'A1sbing |esausn (92/92)¢S DY 8l0C  OfaHpue4ni
SL p=gliosep 10N paqudsap 10N 19D +14d paquds9p 10N g3%S 9by  A1sbung [eisusn (ov/0v)08 104 610z [08](6102) AD IUS
[6/1
NORY paqudsap 10N paqudsap 10N 19D +14d paqussap 10N g3 %S 9by  A1sbung [elsusn (ov/01)08 104 610C (6107) 219 H N
sinoy Bupyiom [ed [8/1(£100)
Sd 'SS "SH paqudsap 10N paqudsap 10N 19> +714d JL0d AU ‘g3 xes oby SolieIpad (€¢/00¢y 104 /10C ‘39 A0ryz
sinoy Bupyiom [£/]
SL paquss3p 10N p=glosep 10N 19D +14d paq3s3p 10N [e21Ul]D g3 x9S sol1eIpad (€€/€€)99 104 810¢ (8102) OO uem
[9/]1(8100) dD
Sd 'S P3q1253p 10N P3q1253p 10N 18>+ 19d PaqLSaP 10N SQ ‘x9S 'aby ABojoinaN (rL/71)8C 1DY 8l0T  OeIX pue HH NI
[S/1(8100)
SL paqusap 10N paqusap 10N 1gD+79d  Sioim awes ay| g3 'xe5 9by Abojoinan (€T/€0)9r 104 810¢ e 391X ueno
[v/]
Sd ‘SH p=qids9p 10N p=q113s9p 10N 19>+14d paqu3sep 10N x3S 2By AneiydAsg (0z/00)01 104 610C (6100) HA Buos
UPIPA [e/]
Sd 'SS "SH paqu3sep 10N paquosep 10N 19>+14d paqu3s9p 10N 43 xS 2by Aousbiaw (r2/v0)8y 1D4 8l0z (8107) 1e19S4 NI
SUDIPSN [e/]
SO 'Sd "SH paqu3s9p 10N paqu3sep 10N 19> +14d si0mn) swes ay | X3S 2By Adusbiauig (0€/0£)09 1D4 610 (6100) 1R XS !
SUPIPSN [1/]
Sd ‘S Syuow om| paqu3sop 10N 19D>+714d 1d g3 2ied [esnd (Sv/1¥)T6 1D4 8L0C  (8L0T) B2 ANM
[0/]
SL paqgos9p 10N pagu3sop 10N 19> +714d 1d NeRENEl ABojounoopu3 (0z/00)0% 104 /10T (£107) e @ IX NH
Bujuiesy
sainseaw uOIIUdAIBIUL fouapisai jo 104 10§ paydiew sjuapisai
awodIno Jo uoneing Jeak YdIyp\\ SUONUDAIDU|  paydlew sioin] SUETJECH] jo fyenads  (D/))azis ajdwes adAy Apnis Jesp aiApms

(panunuod) L ajqey



Page 9 of 20

(2022) 22:221

Li et al. BMC Medical Education

dnoub jo13u0d H ‘dnoib uonuaIRuIl [ ‘s3I [eUOISSIY0Id |4 ‘uoniesedard
U0SS3| 9A1ID3||0D 47D ‘@duanadxa Hulydeal 31 ‘punoibydeq [RUOIIRINPS gF ‘SDI0S WEXS dULIIUS JusWIRdap 5@ sAaAINS aireuuonsanb §O ‘s||dfs [ed13deld G4 ‘s2100S [R10} S/ ‘S910DS ||IXS §S ‘s2100s dBpPajMmouy Sy

[€6] (9100)
SO p=qudsep 10N p=qLdsep 10N 190+714d p=quds9p 10N g3 Anshus( [eieuen W08y 104 9l0¢ [D N puednx
[c6] (9100)
SO P=guos9p 10N paqu2s9p 10N 19D>+74d P=gu2s9p 10N %35 '9by  A19bing [eiauan (ve/vosy o4 9l0¢ ‘[e19 0g buem
[16] (£100) M
SO R ECUNEEICIE p=qds9p 10N 19> +14d p=aqu3s9p 10N g3 'xe5 9by Abojoipied (S2/S0)0S 1D4 /10T oeH pue A Buem
SUPIPS 958U [06] (6107)
sL UOW LD PaqUISIP 10N 180+74d g30d  SQ'g3xes’by  -yD euonipel| (52/52)05 104 6l0c R Z U3

sinoy

Busom [ea1ulD
1d 'SQ ‘(s;uapnis a1en ABo 68]
SO 'SL paqios9p 10N paquds9p 10N 19D+19d  ‘sloimawes syl -pein) g3 'xes ‘9by  -[oduQ uohelpey (0z/00)0% 104 810z (8107) [e32 708X
(88]
(s3uapnis a1en Abo (6107) 171 buoy
SO 'SL paquds9p 10N paguds9p 10N 19> +149d 1d -pein) g3 ’xas 9by  -|oduQ uoneipey (€T/€0)or 124 610¢ pue AH bue

Bujuiesy
sainseaw UOIJU3AIRIUI Aouapisai jo 10} 10} paydlew [SIVETJEEY]

awodIno jo uoneing 1eaA YdIY\\ SUORUBAIRIU|  paydlew sioin] SUETJEEN] jo fyjepads (J/])azis ojdwes adAy Apnis es) ai Apms

(penunuod) L ajqeL



Li et al. BMC Medical Education (2022) 22:221

L W |

Blinding of participants and personnel

Binding of utcome assessment @sectiontbias) [ ]
i

——
0% 25% 50% 75%  100%

| W Lowriskofbias [ unciear isk ofbias WlHion riskotbias

B

HouHetal. 019)

Hu6D 2019)

al.aoig)

UHetal 019)

LiMetal Qo19)

UnFNetal @017

LinY and Jiang H (2014)

LiuF and He Jo (2018)

Luzo etal 2012

Luvetal Qo14)

Ma Y and Znang X2019)

Maetal @ote)

snioY@ote)

1140 and Jang T (2019)

shxyetal @018)

Song YH 2019)

Tang L etal. 2019)

Wan 00 @o18)

Wang 80 etal. (2016)

Wang HY 2019)

WangNetal.@017)

Wang Y @015)

Wang Zetal. 2019)

Wel DM etal.Q017)

W Yetal @o1g)

Xing J¥ etal. Q017)

XuLetal @17

XuP andLicJ Q016)

ZnangJetal @017

Znang JLetal. @019)

Znang Letal. @o17)

[ ] ]
[ ] L]
[ ] [ ]
[ ] ]
[ ] ]
[ ] ]
] [ ]
] ]
[ ] L]
] ]
] [ ]
[ ] [ ]
[ ] ]
[ ] [ ]
[ ] L]
[ ] ]
[ ] [ ]
[ ] [ ]
] ]
] [ ]
] [ ]
[ ] ]
[ ] [ ]
] ]
[ ] ]
] ]
L] L]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
an [ ] (]
Lusetal o17)| @ e e
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
® [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]

Zneng Ly @018)

Znoup etal. 014)| @

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
2
2
2
2
B
2
2
2
2
2
B
2
B
2
2
B
2
B
2
2
2
2
2
B
2
2
B
2
B
2
B
2
2
2
B
2
B
2
B
2
2
2
2
B
B
B
B
B
2

Fig. 2 Risk of bias assessment. A Risk of bias graph as percentages for
all included studies; (B) Risk of bias summary for each included study
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Effects of interventions (PBL and PBL+ CBL) on TS

A total of 27 publications involving 1542 residents
(intervention group =770, LBL group =772) reported
TS. Because a high heterogeneity was observed across
these studies (I2=97%, P<0.00001), the random-
effects model was used. The pooled effect size showed
a significant difference in the total score (WMD = 8.70,
95% CI: 6.87-10.53, P<0.0001) in favor of the inter-
vention group compared to the LBL group (Fig. 6).

Subgroup analysis of outcome measurements

In order to explore the sources of heterogeneity, this
study conducted a subgroup analysis of teaching meth-
ods and departments. The teaching methods were
divided into PBL group vs. LBL group and PBL + CBL
group vs. LBL group. The teaching departments were
divided into non-surgery, surgery, and diagnostic. The
data are shown in Table 2. Only diagnostic imaging
did not display a statistical significance in SS, while the
data from the other subgroups differed significantly
compared to the LBL group. However, the heterogene-
ity was not reduced significantly.

Effects of interventions assessed by QS

The questionnaire (Table 3.) showed that the interven-
tion group is superior to the LBL group with respect to
theoretical knowledge mastery, clinical diagnostic think-
ing, teamwork ability, ability to analyze and solve prob-
lems, ability to consult documents, learning interest,
satisfaction with teaching, and learning efficiency, with
a statistically significant difference. On the other hand,
the differences in improving self-directed learning abil-
ity, communication ability, and hands-on ability were not
statistically significant.

Sensitivity analysis

Owing to high heterogeneity, sensitivity analysis was
implemented to evaluate the reliability of the results. After
excluding the study with the largest weight [24], the pooled
effect size was in favor of the intervention group (WMD
7.03, 95% CI: 5.58-8.50, P<0.00001) for KS and did not
change the effects observed in the primary analysis. Con-
versely, after excluding the study with the largest weight
[24, 27, 81], the pooled effect size in SS, PS assessment, and
TS was in favor of the intervention group (WMD 6.28, 95%
CI: 4.33-8.22, P<0.00001; WMD 8.45, 95% CI: 7.08-9.82,
P<0.00001; WMD 8.61, 95% CI: 6.56—10.67, P<0.00001).
No single study was found to significantly influence the
overall pooled WMD, indicating the stability of our results.

Publication bias
The evaluation of publication bias was conducted using
a funnel plot for the 27 studies with respect to the total
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Study %
ID WMD (35% ClI) Weight
Li M et al. (2019) . 4.87 (1.58, 8.16) 2.42
Gao WQ et al. (2019) — 4.60 (1.20, 8.00) 239
Gulina Abra and Wang XM (2019) : — 18.70 (14.09, 19.31) 2.59
Wei DM et al. (2017) e 10.60 (10.42, 10.78) 2.95
Hou H et al. (2019) ! - 13.02 (12.20, 13.84) 2.91
Shi XJ et al. (2018) = 1.95(0.33,423) 267
Chang BC et al. (2018) —_—— 5.99(1.91,10.07) 221
Wang YY et al. (2017) —_— 1 0.14 (-2.61, 2.89) 2.58
Li SX et al. (2019) —_t— ! 1.89(-1.69,547) 224
Huang JX et al. (2016) — 3.73(1.00, 6.48) 258
Liu FS et al. (2018) —_— 0.70(-3.03, 4.43) 220
Song YH (2019) —_— 7.60 (4.13, 11.07)  2.37
Liu HH and Xiao GD (2018) —_— 6.86 (0.59, 13.13)  1.84
Wang Y (2015) e 332(0.88,752) 217
Shi JQ and Jiang T (2018) —_— ' 0.61(3.30,208) 257
Lin F et al. (2016) ——— 8.43(5.24, 11.52) 247
Zhao Y et al. (2017) —_——— 8.38(4.25, 12.41) 222
Zhao D (2019) - 8.19(7.06,9.32) 288
Wu Y et al. (2018) —— 9.50 (6.93, 12.07) 260
Xing JY et al. (2017) ——— 5.84 (1.94, 9.74) 2.28
LiH et al. (2019) : - 11.60 (10.35, 12.85) 2.88
Jiang CQ et al. (2018) —_— 8.10(4.08, 12.12) 2.2
Liu F and He JG (2018) -~ 7.71 (8.45, 8.97) 2.88
Huang XX (2018) | —— 13.20 (10.81, 15.58) 2.64
Ge ST et al. (2018) —— : 1.10(-1.01,321) 271
Hu GD (2019) | —— 12.51 (10.83, 14.19) 2.79
Zhang L et al. (2017) | —— 11.44 (9.88, 13.20) 2.78
Zhang JL et al. (201S) —_ 3.53(1.88, 5.18) 2.80
Ma Y et al. (2018) — 529(366,692 280
Xu L et al. (2017) - + 5 14.00(8.11,21.89) 1.20
Lin Y and Jiang H (2014) —_—— 8.10 (4.45, 11.75) 232
Li ZR et al. (2019) —— 5.88 (3.02, 8.24) 258
Jiang J et al. (2017) - 4.90 (3.17, 8.83) 2.78
Zheng LJ and Guo LS (2018) —— 7.08 (291, 11.25) 218
Chen JL (2018) | —— 12.90 (9.54, 18.28) 2.13
Liu GX et al. (2018) : — 15.23 (13.72, 18.74) 2.82
Chen HB et al. (2015) - 4.46 (3.28, 5.84) 2.87
Yang JC et al. (2015) -~ 4.00 (2.84, 5.16) 287
Dong FL and Fan QM (2015) ——— 4.92 (0.44, 9.42) 2.09
Jiang HJ et al. (2019) —_— 7.10 (4.20, 10.00) 252
Overall (l-squared = 95.6%, p = 0.000) <> 7.14 (5.93, 8.34) 100.00
NOTE: Weights are from random effects analysis :
T T
219 0 21.9

Fig. 3 Forest plot for the effects of interventions (PBL and PBL+ CBL) on knowledge scores compared to the LBL group

scores (Fig. 7). The shape of the funnel plot did not show
asymmetry, indicating the absence of any publication
bias. Also, no significant bias was detected using the
Begg’s rank correlation test (Z=0.21, P=0.835) and Egg-
er’s linear regression test (t=-1.23, P=0.228).

Discussion

In the current meta-analysis, the results showed that
the residents in the PBL-based teaching groups have
better scores in knowledge, skill, PS assessments,

and TS than those in LBL groups, indicating that
PBL could help residents to better master the medi-
cal theory knowledge, operational skills, analyze and
diagnose cases and overall capacity than LBL. The QS
showed that PBL-based strategies are superior to LBL
in improving residents’ theoretical knowledge mastery,
clinical diagnostic thinking, teamwork ability, ability
to analyze and solve problems, ability to consult docu-
ments, learning interest, and learning efficiency. Also,
the residents exhibited more satisfaction with teaching
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Study %
D WMD (95% CI) Weight
i
Gulina Abra and Wang XM (2019) : —— 15.80 (13.32, 18.28) 458
Wang YY et al. (2017) —— : 0.67 (-1.67,3.01) 462
Huang JX et al. (2016) —— : 3.13(0.53,5.73) 455
Liu FS et al. (2018) —_— 4.20(1.29,7.11) 4.47
ShiJQ and Jiang T (2018) —_—— : 0.41(-2.30, 3.12) 452
Lin F et al. (2016) -0—: 5.18(4.13,6.23) 487
Zhao Y et al. (2017) — 563 (4.15,7.11) 481
Zhao D (2019) —— 477 (321,6.33) 479
Jiang CQ et al. (2018) :—0— 8.40 (5.75, 11.05) 454
Liu F and He JG (2018) : - 11.52(10.46,1258)  4.87
Huang XX (2018) : —_— 13.00 (10.33, 15.67) 454
Ge ST et al. (2018) —Oﬁl- 4.30(1.88,6.72) 460
Hu GD (2019) : — 14.82 (13.31, 16.33) 480
Zhang L et al. (2017) . —— 10.19 (8.60, 11.78) 479
Zhang JL et al. (2019) — : 0.25(-2.01,2.51) 464
Xu L etal. (2017) ' -+ 10.92 (3.41, 18.43) 2.90
Lin Y and Jiang H (2014) —:—0— 8.80 (5.30, 12.30) 428
LiZR et al. (2019) —_—— 8.57 (4.78, 12.36) 419
Jiang J et al. (2017) — : 4.70 (3.53,5.87) 4386
Zheng LJ and Guo LS (2018) —:—0— 8.30 (4.18, 12.42) 4.07
Chen HB et al. (2019) -— | 0.56 (-0.66, 1.78) 4385
Yang JC et al. (2015) —— : 2.00 (0.86, 3.14) 486
Overall (-squared = 96.2%, p = 0.000) ¢ 6.54 (4.55, 8.53) 100.00
NOTE: Weights are from random effects analysis i
.1I5‘4 0 18I,4
Fig. 4 Forest plot for the effects of interventions (PBL and PBL+ CBL) on skill scores compared to the LBL group

for PBL-based strategies than for LBL. However, PBL-
based strategies did not significantly improve self-
directed learning ability, communication ability, and
hands-on ability.

Clinical cases are used as problems of PBL in medical
education

PBL and CBL are student-centered, focusing on stu-
dents’ subjective initiative, cultivating their ability to find
and solve problems. However, they are different teaching
strategies since PBL commonly presents complex, open-
ended problems about topics previously unknown to the
students and develops problem-solving skills through
self-teaching and discussion, even solutions may vary
from group to group. However, CBL takes clinical cases
as the starting point, uses relevant knowledge and the-
ory to analyze these cases, solves the clinical problems
efficiently, and improves the clinical ability. Over the

years, PBL in medical education has shifted towards a
case-focused approach, wherein the only problems con-
sidered by the students are patient cases, and the discus-
sion phase is reduced to a minimalistic list of questions
or learning objectives, and reporting diagnoses and
medical facts is emphasized. This method prompted the
medical educators to wonder about the purpose of PBL
and switch to the CBL method. Other educators using
the term CBL referred to a case as the problem [94, 95].
Thus, all the studies in this meta-analysis encompassed
clinical cases as trigger problems. To avoid incomplete
inclusion of the literature due to differences in under-
standing of the concepts and to accurately assess the role
of PBL teaching methods in SRT, we included studies
involving PBL or PBL combined with CBL. Also, hetero-
geneity analysis was carried out according to the teach-
ing method, but the results did not reduce heterogeneity
(see Sect. 4.3 for details).
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Study %
ID WMD (95% Cl) Weight
GaoWQ et al. (2019) —0—;— 6.38 (2.58, 10.18) 292
Gulina Abra and Wang XM (2019) : —<— 1880(16.43,21.17) 388
Yang XY and Jia F (2019) —— : 4.35(1.61,7.09) 3.63
Wei DM et al. (2017) * 8.70 (8.55, 8.85) 491
Hou H et al. (2019) : - 12.05(10.88,13.22) 462
Wwang YY etal. (2017) —— 3.09 (0.85, 5.33) 3.97
Shi XJ et al. (2018) —ﬁ—‘l- 6.65 (4.57,8.73) 408
LiSXetal (2019) — 6.03 (1.80, 10.26) 266
Liu FS etal. (2018) —— : 3.40(0.72,6.08) 367
Song YH (2019) —0:— 7.80(3.92, 11.68) 287
Liu HH and Xiao GD (2018) — 6.00 (1.40, 10.60) 245
Zhao Y et al. (2017) —;0— 9.34 (7.23,11.45) 406
Wang Y (2015) -—0—: 3.88 (-0.45,8.21) 260
ShiJQ and Jiang T (2018) —{-0— 9.83 (7.00, 12.66) 3.56
Lin F et al. (2016) — 8.99 (6.91, 11.07) 408
Zhao D (2019) —O-Ir- 7.70 (6.09,9.31) 438
WuY etal (2018) + 9.00 (6.08, 11.92) 3.50
Liu F and He JG (2018) 4[-0— 9.61(8.20, 11.02) 449
Xing JY et al. (2017) —-O-I— 7.15(3.00, 11.30) 270
Jiang CQ et al. (2018) — 7.40(5.09,9.71) 3.92
Huang XX (2018) -0{- 7.80 (6.30, 9.30) 444
Ge ST etal. (2018) - 8.70 (6.97, 10.43) 431
Chen JL (2018) ! —— 18.20(13.76,22.64) 254
Hu GD (2019) : —— 14.21(12.81,1561) 450
Zhang L et al. (2017) —— 7.87 (6.49, 9.25) 451
Jiang HJ et al. (2019) —:0— 9.10 (6.21, 11.99) 352
Dong FL and Fan QM (2015) — 450(1.21,7.79) 324
Overall (I-squared =89.8%, p =0.000) Q 8.52 (7.50,9.53) 100.00
I
NOTE: Weights are from random effects analysis .
| |
-226 0 226
Fig. 5 Forest plot for the effects of interventions (PBL and PBL 4 CBL) on practical skills assessments compared to the LBL group

Analysis of the role of PBL in the cultivation of residents’
abilities

Thomas et al. [96] found that residents who attended
a PBL medical school (PBL group) performed signifi-
cantly better on standardized tests than on those who
attended a traditional medical school in obstetrics and
gynecology residency program, which is consistent
with our finding of knowledge acquisition. Sun et al.
[97] found that compared to the traditional teaching
model, problem- and simulator-based learning for lum-
bar puncture training can develop overall surgical skills
in neurology residents, which is consistent with the
current finding about operational skills. In subgroup
analysis, we found that PBL based teaching shows no
advantage on operational skills in diagnostic imaging.

In another study, Yue et al. [98] found that the inte-
gration of PBL and LBL teaching modes in the educa-
tion of imaging diagnosis education produced a good
teaching effect, which needs to be substantiated with
additional studies. The residents” ability to analyze and
diagnose cases include history taking, physical exami-
nation, and analysis of inspection results is crucial for
residency training. According to our findings in PS
assessments, PBL-based teaching enabled the develop-
ment of this critical capability. The above analysis of
different capabilities showed overall positive capacity
according to TS.

The residents showed a preference for PBL-based
strategies. The positive effect of PBL on mastery of
theoretical knowledge, clinical diagnostic thinking,
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Study %

ID WMD (95% Cl) Weight

Cheng J et al. (2015)a —_—— 7.27(1.63,1291) 295

Cheng J et al. (2015)b —_— 343 (-1.93,8.79) 3.03

Wang N et al. (2017) : —— 26.07 (22.83,29.31) 3.63
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Fig. 6 Forest plot for the effects of interventions (PBL and PBL+ CBL) on total scores compared to the LBL group

teamwork ability obtained by our analysis which is
in agreement with previous studies may explain this
result well [99, 100]. The survey of self-directed learn-
ing showed some improvement in residents, but the
improvement is not significant in the PBL group. The
reason for this could possibly be associated with resi-
dents dealing with various problems of patients every
day, has developed stronger self-directed learing abil-
ity in clinical practice than undergraduates. Zhang et al.
[61] discussed that the PBL group requires time and
effort for preparation before the class, while the exist-
ing teaching facilities could not fully meet their needs.
In addition, the students in China received “spoon-
feeding” education for a long time, and the literature

retrieval level was limited. Therefore, improving the
level of teaching hardware, and giving guidance on the
retrieval methods is needed. The PBL teaching mode
could not improve communication ability, and the anal-
ysis by Sanghee et al. [101] might explain the related
factors, because of the cultural climate of Asian coun-
tries, students were reluctant to express their opinion
to a tutor who has authority and felt uncomfortable to
challenge classmates’ views. It’s worth noting that only
three included studies assessed the communication
ability as the intervention outcome measures. This may
imply that insufficient attention was paid to this ability
when conducting PBL in Chinese SRT. Therefore, the
guidance and encouragement of the tutor is necessary
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Table 2 Subgroup analysis of outcome measurements
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Factors Studies Sample size (1) Sample size (C) WMD 95% Cl
(n)
Knowledge Scores
Teaching methods PBL 27 783 750 6.86 (5.31-841)
PBL+ CBL 14 328 329 7.74 (5.64-9.84)
Departments Non-surgery 20 598 594 6.23 (4.53-7.93)
Surgery 16 420 392 8.80 (6.63-10.97)
Diagnostic imaging 4 93 93 4.55 (3.58-5.53)
Skill Scores
Teaching methods PBL 16 421 420 541 (3.55-7.26)
PBL+CBL 6 126 129 9.53 (6.37-12.69)
Departments Non-surgery 8 226 229 4.99 (246-7.52)
Surgery 12 273 272 8.59 (5.97-11.20)
Diagnostic imaging 2 48 48 1.30 (-0.11-2.71)
Practical Skills Assessments
Teaching methods PBL 15 473 467 8.90 (7.46-10.33)
PBL+ CBL 12 314 314 7.94 (6.04-9.84)
Departments Non-surgery 18 567 562 7.95 (6.59-9.31)
Surgery 7 175 174 10.19 (7.93-1245)
Diagnostic imaging 2 45 45 6.87 (2.36-11.38)
Total Scores
Teaching methods PBL 15 447 447 767 (4.79-10.56)
PBL4-CBL 12 323 325 9.92 (7.57-12.27)
Departments Non-surgery 16 466 468 824 (5.66-10.83)
Surgery 7 196 196 9.55 (5.39-13.72)
Diagnostic imaging 3 83 83 10.07 (5.28-14.86)
PBL Problem-based learning
CBL Case-based learning
I Intervention group
C Control group
Table 3 Effects of interventions assessed by questionnaires
Research indicators Studies (n) Sample size (1) Sample size (C) ORs 95% Cl
Theoretical knowledge mastery 13 543 535 1.26 (1.05-1.52)
Clinical diagnostic thinking M 502 491 142 (1.17-1.72)
Teamwork ability 14 546 537 2.35 (1.65-3. 34)
Learning interest 21 775 765 149 (1.27-1.74)
Self-directed learning ability 14 562 552 132 (O 99-1.77)
Ability to analyze and solve problems 15 489 479 1.60 (1.31-1.95)
Ability to consult documents 2 58 58 1.90 (1.04- 349)
Satisfaction with teaching 25 859 824 1.34 (1.1 55)
Communication ability 3 117 109 149 (O 97-2. 28)
Hands-on ability 6 157 156 1.39 (0.98-1.96)
Learning efficiency 4 289 281 146 (1.13-1.88)

for the development of effective communication, not
only between the resident and the tutor, but also among

the training residents.

Analysis of heterogeneity
An obvious heterogeneity was detected among the
included studies for KS, SS, PS assessments, and TS. In
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Fig. 7 Funnel plot analysis for total scores

order to explore the source of heterogeneity, the teaching
methods and departments were analyzed in subgroups,
but the results did not show reduced heterogeneity. The
reasons for the analysis of high heterogeneity are as
follows.

First, the comprehensive ability of the resident teacher
is an important contributor to the training of qualified
residents, as well as a factor related to the quality of SRT.
The difference in the teaching level exerts an influence
on the teaching effect. Although all the studies in this
meta-analysis are carried out in hospitals affiliated to
medical schools or equivalent providing high-level medi-
cal and health services, most studies do not mention the
situation of the teachers. In addition, teachers should
strengthen the study of new theories and methods.
Although teachers are familiar with PBL teaching mode
with an extensive attempt of PBL in undergraduate teach-
ing, only a few described that teachers had received the
PBL teaching training. The existing studies also lack the
supervision and evaluation of teachers. The difference in
the teaching level of teachers may be one of the causes of
heterogeneity.

Second, the residents’ basic quality and learning expe-
rience are different [102]. Some are SRT trainees apply-
ing for Master of Medicine degree during the 3 years
simultaneously, which might have a strong learning aspi-
ration and ability. Only a few studies mentioned previ-
ous clinical working hours and whether residents had

been exposed to PBL teaching methods. Therefore, we
deduced that the learning ability, clinical work experi-
ence, and PBL training experience of residents are the
potential causes of heterogeneity.

Third, the present evaluation method formulated by the
training department could not form a unified evaluation
system for each specialty according to its characteristics.
In addition, for capacity assessment, a long-term evalua-
tion should be more suitable. Carrero et al. [103] found
that the effectiveness of lecture and case/problem-based
learning differed only slightly in terms of improving
immediate clinical capacity in the first year Anesthesi-
ology residents while suggesting that there should be
an appropriate tool to determine the effect of differ-
ent teaching methodologies on the long-term retention
of knowledge, skills, attitudes and clinical competence.
Therefore, lack of a unified evaluation system may be one
cause for heterogeneity.

Limitations

In addition to the factors mentioned above that may
cause heterogeneity, the quality of the articles is also
one of the limitations of this meta-analysis. Although
all the studies included in this meta-analysis were ran-
domized controlled trials, none of them described
the allocation concealment in detail, and no blinding
method was used which was caused by the objective
limitations in teaching. The small sample size in some
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of the studies was also one of the limitations. Besides,
at present, there is no unified scale to assess the above
mentioned skills of residents in the included studies. For
example, QS in each study were designed by the train-
ing department itself based on the contents of previ-
ous reported questionnaires and the goal of SRT. So the
inconsistencies of the assessment among these included
studies were also one of the limitations. Another limi-
tation about QS is that because the results are assessed
in a yes or no form, resulting in missing data and inef-
ficient data use. Additionally, there were many possible
factors influencing the effect of PBL, stratified analysis
should be conducted to test the heterogeneity.

Conclusions

The present meta-analysis shows that the PBL teach-
ing method is more effective than LBL in the mastery
of medical theory knowledge, operational skills, analysis
and diagnosis of cases, and the overall capacity of SRT
in mainland China. However, it shows no advantage on
operational skills in diagnostic imaging. QS displayed the
positive effects of PBL on theoretical knowledge mas-
tery, clinical diagnostic thinking, teamwork ability, ability
to analyze and solve problems, ability to consult docu-
ments, learning interest, and learning efficiency. The QS
results also indicated that residents showed more satis-
faction with teaching for PBL-based strategies than for
LBL. However, PBL-based strategies had not improved
significantly with respect to self-directed learning ability,
communication ability, and hands-on ability. This meta-
analysis provided a systematic and comprehensive analy-
sis and achieved the training contents suitable for the
PBL teaching model. To the aspects which the results did
not show any improvement, the effect of other teaching
methods should be discussed in the future. According to
our results, the basic data could be obtained for a detailed
design and performance of suitable teaching methods for
various specialties and abilities in Chinese SRT. Nonethe-
less, the heterogeneity of the included studies needs to be
considered, and further well-designed studies are needed
to confirm our findings.
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